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Summary
Introduction: Extension-type supracondylar fractures of the humerus in children are frequent
lesions whose orthopaedic treatment remains under debate in Rigault and Lagrange type III frac-
tures and highly controversial in type IV fractures. The objective of this study was to extend the
Blount method to fractures with substantial displacement even in patients presenting signiﬁcant
swelling and to evaluate the results.
Patients and methods: We conducted a prospective continuous study from December 2005 to
August 2007 on 67 children: 49 boys and 18 girls with a mean age of 6 years (range, 3—14 years).
The mean time lapsed from consultation to treatment was 30 h. The mean hospital stay was
72 h. In 50 children, the limb was elevated preoperatively for a mean 48 h. The fracture was
reduced under ﬂuoroscopy-guided general anesthesia with mask and immobilized with 5-cm
cloth banding padded with foam. The follow-up was clinical and radiological. The mean follow-
up was 16months (range, 6—26months). Assessment followed the 1969 SOFCOT guidelines.
Results: At union, mean ﬂexion was 124◦, the mean extension lag was 26◦. At last follow-up,
the mean ﬂexion was 146◦, the extension lag was 0.5◦, and pronation and supination were
free. Immediately after surgery, the mean Baumann and anteﬂexion angles were 75◦ and 43◦,
◦ ◦ ◦ ◦respectively; at union they were 76 and 44 and at follow-up 79 and 42 . We found no vascular
or nerve lesions. According to the SOFCOT criteria, at follow-up we obtained 80.6% very good
results and 19.4% good results.
Level of evidence: Level IV. The
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∗ Corresponding author. Tel.: +221 77 450 26 46; fax: +221 338238186.
E-mail address: cvakinkpe@hotmail.com (C.V.A. Kinkpé).
877-0568/$ – see front matter © 2010 Elsevier Masson SAS. All rights re
oi:10.1016/j.otsr.2009.12.010rapeutic study.
rights reserved.
served.
Met
3
s
W
t
a
h
T
o
a
h
i
w
h
w
o
M
I
w
(
t
w
d
n
m
s
g
t
t
RChildren distal humerus supracondylar fractures: The Blount
Introduction
Extension-type supracondylar fractures (SCF) of the
humerus, the most frequent elbow injury in children,
account for 55%—75% of elbow fractures [1]. In nondisplaced
or slightly displaced fractures, the therapeutic indications
are clearly codiﬁed, whereas displaced fractures remain
controversial. Certain authors prefer surgical treatment
with pin ﬁxation, others defend orthopaedic treatment,
apparently relegated to secondary importance.
Treating these fractures using the collar and cuff tech-
nique has a long history in the English-language literature
and was recommended by a few authors such as Ast-
ley Cooper (1826), Robert Jones (1921), Watson Jones
(1952/55), and Charnley 1961 [2].
Blount described a method of orthopaedic reduction
with immobilization in ﬂexion for these extension-type frac-
tures reserved for patients who were seen early, before the
appearance of substantial swelling [3]. Despite fewer vas-
cular risks and better ﬁxation of the fracture, percutaneous
pin ﬁxation carries its own risk: iatrogenic nerve lesions and
infections, stiffness, and secondary displacements that can
result in cubitus varus [4—6]. The need for a second inter-
vention to remove the material and particularly the cost are
arguments in favor of orthopaedic treatment. These reasons
have encouraged us to review the therapeutic indications
and to adopt those that respond best to our socioeconomic
context. We have therefore returned to the Blount method,
extending its indications to type IV extension SCFs in the
Rigault and Lagrange classiﬁcation (Fig. 1).
The objective of this study was to evaluate the results of
this method in SCFs with substantial displacement.
Patients and methodsPatients
This was a prospective continuous study conducted from
December 2005 to August 2007 at the Aristide Le Dantec
Hospital in Dakar, Senegal.
Figure 1 Rigault and Lagrange type IV extension supracondy-
lar fracture (preoperative X-rays: A, AP; B, lateral).
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All the patients recruited in the emergency unit, aged
—15 years, presenting an extension-type SCF treated exclu-
ively with the Blount method were included in the study.
e excluded patients whose fracture was more than
hreeweeks old and those who were lost to follow-up. In
population of 158 children with elbow injury, 79 patients
ad an extension SCF. Twelve patients were lost to follow-up.
he only bone lesion associated was an ipsilateral fracture
f the distal quarter of the two forearm bones, resulting in
ﬂoating elbow. This occurred in a 6-year-old patient who
ad fallen and landed on her hand, with the wrist and elbow
n extension.
The study retained 67 children, 49 boys and 18 girls,
ith a mean age of 6.2 years (range, 3—14 years). The mean
ospital stay was 72.4 h (range, 24—240 h). The patients
ere cared for and assessed with a mean follow-up time
f 478 days (range, 182—794 days).
ethod
n cases of substantial tumefaction (Fig. 2A, B), the limb
as elevated in a 5-cm tubular bandage attached to a stand
Fig. 3) and ice was applied around the elbow. A nons-
eroidal anti-inﬂammatory drug (NSAID) in suppository form
as administered twice a day. The duration of this proce-
ure depended on how quickly the swelling subsided, but
ot on the resorption of the edema or the hematoma: the
ean duration was 2 days (range, 1—3days).
Patient management was standardized. The examination
heet developed for the study was ﬁlled out in the emer-
ency unit. It included data on the patients’ civil status,
heir medical history, the initial clinical examination, and
he results of the initial radiographic examination.
eduction and immobilization technique
n most cases, the patient was treated by the senior surgeon
ho initiated the technique. In the other cases, a resi-
ent who had been taught by the senior surgeon performed
he surgery. The fractures were reduced under ﬂuoroscopy-
uided general anesthesia with mask. The patients were
ositioned in the decubitus dorsal position, with the injured
lbow resting on the drum of the image intensiﬁer.
A cuff and collar were fabricated in the operating room
sing 2-cm-thick foam. The length depended on the cir-
umference of the patient’s neck and wrist. This foam was
nserted into the 5-cm tubular bandage, which was 1.5m in
ength. The collar was positioned around the neck, leav-
ng two ﬁnger holes between the knot and the skin for
atient comfort (Fig. 4). The associated ipsilateral fracture
f the distal quarter of the two forearm bones was treated
sing a forearm cast after reduction using external maneu-
ers, performed in accordance with the Blount technique
Fig. 5). Good reduction was demonstrated by alignment
f the internal and external columns of the distal humerus
Fig. 6).The elbow was immobilized in ﬂexion between 100◦
nd 120◦, depending on the tumefaction and the muscle
ass (Fig. 5). The maneuvers lasted a mean 7min (range,
—10min). When the patient awoke, an AP and lateral X-ray
ere taken immediately. The Baumann angle and the ante-
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Figure 2 Elbow with tumefaction (
Figure 3 Elevation of the injured limb.
Figure 4 Material necessary to amke the collar and bracelet
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TA, AP; B, posteroexternal view).
exion angle were measured immediately after surgery, at
nion, and at the follow-up.
The capillary pulse was veriﬁed. Pain and tolerance for
he immobilization set-up were assessed. It was important
o reassure the parents, inform them on the immobilization
nd the factors to avoid, as well as the precautions to take
uring the ﬁrst 2weeks.
ssessment criteria
he patients were assessed according to the 1962 SOFCOT
riteria [7] based on elbow mobility after union and axis
alalignment, classiﬁed as follows:
very good: normal elbow;
good: normal function but slightly reduced mobility and
axis malalignment less than 10◦;
fair: limited mobility greater than 20◦ or axis malalign-
ment between 10◦ and 20◦;
poor: stiffness greater than 50◦ and/or axis malalignment
greater than 20◦ or residual paralysis.
We used Ofﬁce 2007 software. The statistical tests were
alculated using SPSS 16.0.
esults
he mean time lapsed to consultation was 30 h (range,
—240 h). The mean time to intervention was 46 h (range,
h to 14 days). The mean hospital stay was 72 h (range,
4—240 h.
Fifty elbows (74.6%) were elevated because of swelling.
here was no correlation between the delayed consultation
nd elevating the upper limb (p-value 0.752 > 0.05).
Three patients (4.5%) underwent revision surgery: two
or absence of reduction or secondary displacement, one
ecause of early removal by the parents. One patient pre-
ented ossiﬁcans myositis of the anterior forearm with no
unctional incidence. The radiographic results are listed in
able 1. There was no signiﬁcant difference for the anteﬂex-
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Figure 5 Blount method steps.
uctioFigure 6 Sixth step: anatomic redion angle (p-value 0.214696 > 0.05), contrary to the Baumann
angle (p-value 0.000515 < 0.05). Three patients (4.5%) pre-
sented cubitus varus with an 85◦ Baumann angle.
Postoperatively, the mean ﬂexion range of motion was
124◦ (range, 85◦—150◦). The mean extension lag was 26◦
(
f
7
u
s
Table 1 Postoperative radiographic results at union and at follow
Baumann angle
N Mean Median S
Postoperative 67 75.45 75.00 5
Union 67 75.88 80.00 5
Follow-up 67 78.55 80.00 3
P-value
(ANOVA test) 0.000515 < 0.05
Signiﬁcant
differencen on the AP and lateral incidences.
◦ ◦range, 0 —80 ). Pronation and supination were complete
or all patients except for four, who had values equal to
0◦/80◦, 80◦/70◦, 70◦/80◦, and 60◦/80◦, respectively. At
nion, the mean mobility was 120◦ in ﬂexion and 0◦ in exten-
ion.
-up.
Epiphyseal anteﬂexion
D N Mean Median SD
.346 67 42.91 40.00 7.937
.811 67 43.88 40.00 7.427
.111 67 41.94 40.00 3.789
0.214696 > 0.05
No signiﬁcant
difference
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At follow-up, the mean ﬂexion range of motion was
46◦ (range, 110◦—150◦). The mean extension lag was 0.5◦
range, 0◦—15◦). Pronation and supination were normal in all
atients.
We obtained 54 very good results (80.6%) and 13 good
esults (19.4%). The parents were all very satisﬁed except
wo who were moderately satisﬁed.
iscussion
xtension-type SCFs in children are very frequent. Since the
iddle of the 20th century, their treatment has consider-
bly evolved with the widespread use of pin ﬁxation. With
he great variety of techniques, the therapeutic choice has
ecome difﬁcult, particularly for these lesions, opposing
urgical treatment, dominated by open or closed pin ﬁxa-
ion, and orthopaedic treatment with several reduction and
mmobilization modalities.
This raises a double problem: diagnostic in nondisplaced
ractures and most particularly therapeutic in the highly dis-
laced fractures with formation of signiﬁcant swelling of the
lbow that can be a source of vascular compression.
The Blount method [3], described in 1954, is founded on
he integrity of the posterior periosteum and the triceps,
hich provide good stability in ﬂexion, as underscored by
lavert et al. [8,9] and Damsin and Langlais [10]. However,
he present study reveals that tearing of the periosteum
n type IV SCFs is rather exceptional in that all the cases
tudied herein were stable after reduction. It occupies
n important place in the orthopaedic armamentarium.
lthough it continues to be applied by some authors for
racture types I, II, and III, its use for type IV fractures
as remained tentative and controversial because of the
ear of complications, notably ischemic complications, par-
icularly Volkmann contracture [6,11—13]. Blount [3] did
ot recommend his procedure for cases of neurovascular
eﬁcit or substantial displacement associated with severe
welling. For Damsin and Langlais [10], the contraindications
re ﬂexion-type fractures, unstable fractures, and vascular
mpairment. Nerve complications and edema are relative
ontraindications.
In Senegal, bonesetters are frequently consulted, which
s often the ﬁrst reﬂex in case of injury, which lengthens the
ime to consultation. Moreover, manipulations by traditional
ractitioners worsen the tumefaction and soft tissue lesions,
aking emergency treatment difﬁcult if not impossible.
In the present study, as for Devnani [14], the time until
he injury could be managed did not have an impact on the
natomic result. Comparing a group of patients seen in the
rst 12 h after injury and another group seen beyond this
ime delay, Gupta et al. [15] found no signiﬁcant differences
n the percentage of open reduction and the perioperative
omplications. However, Devnani [14], studying extension-
ype SCFs in 24 Garland type III and four type II fractures
eceived after extremely long delays (2—21 days), found a
igh percentage of complications, with 25% cubitus varus.Longer hospital stays are noted with olecranon trac-
ion and adhesive traction (mean, 2—3weeks), but their
esults are close to the results found with other meth-
ds [2,11,16,17]. Our patients were hospitalized a mean
2 h. Elevating the arm was not necessary in 17 patients.
t
a
o
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he patients were seen a mean 43 h after their injury
range, 1—240 h). No signiﬁcant correlation was noted
etween elevating the limb and the time to consultation
p = 0.813 > 0.05). Swelling resulted from soft tissue lesions
nd particularly from hematoma. Elevating the limb was
articularly useful for reducing swelling. Associated with
SAIDs, absorption of the edema was rapid and elbow ﬂex-
on was authorized with a lower risk of iatrogenic ischemia.
hus, in contrast to Clavert et al. [8], we believe that
dema and hematoma are not contraindications to the
lount method.
We found no studies using this method in preoperative
anagement of extension-type SCFs in children. Badhe and
oward [16] believe that elevating the limb is effective
or resorbing the edema. They use an olecranon screw to
rovide vertical traction, which also serves for the ﬁnal
reatment. With their procedure, the hospital stay increases
onsiderably. Assessment of the results is based on radio-
raphic angle measurements, which reﬂect the quality of
he reduction. The Baumann angle is the most frequently
sed landmark, allowing one to detect a major complication
ith these fractures: cubitus varus.
According to Skaggs et al. [18], the Baumann angle varies
rom 6◦ for each 10◦ of humeral rotation. Comparing two
ateral pin ﬁxation methods in displaced fractures, they
onsidered a 12◦ variation in this angle to be a signiﬁ-
ant difference. They found an immediate postoperative
ngle of 82.1◦ ± 5.2◦ (p = 0.876) and 82.2◦ ± 5◦ at union
p = 0.893). The greatest difference between the measure-
ents was 7◦, which was not signiﬁcant. Comparing lateral
rossed wire ﬁxation in 131 patients presenting a displaced
xtension-type SCF, Sibinski et al. [19] noted only ﬁve cases
f signiﬁcant change in the Baumann angle with cubitus
arus. The results of surgical treatment of extension-type
CFs show variations in the Baumann angle as they evolve
20]. These are in accordance with our results.
In our study, the mean angle values were 75.45◦ ± 5.346
mmediately after surgery, 75.88± 5.811 at union, and
8.55± 3.111 at follow-up, with a signiﬁcant difference
p = 0.000515 < 0.05). There was a trend of progression
oward cubitus varus without going beyond the normal
ange.
The epiphyseal anteﬂexion angle is less important and
nfrequently used. Some authors [18,21,22] prefer the
nterior humeral line. According to Blount [3], residual dis-
lacement is easily corrected near the joint and particularly
n the motion plane. This principle has encouraged sev-
ral authors, including Piggot et al. [2], not to seek perfect
eduction in the sagittal plane immediately. In the present
tudy, one patient had a 45◦ anteﬂexion angle with a 10◦
xtension lag at follow-up.
In terms of function and esthetics, with pin ﬁxation the
cores vary between 56% and 99% good and excellent results
19,23]. In our study we noted 80.6% very good results and
9.4% good results. Piggot et al. [2] noted 25% cubitus varus
fter treatment of Holmberg type III and IV extension-type
CFs.Dowd and Hopcroft [24] and Labelle et al. [25] believe
hat cubitus varus does not result in functional deﬁciency
nd that the loss is only esthetic. Since the deformity is only
bvious in complete extension, this implies that the patient
as recovered complete mobility [26].
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We found three cases (4.5%) of 10◦ cubitus varus in our
study. The loss was only esthetic, with an adequate mobility
range, explaining why they were not treated. The obser-
vations of Dowd and Hopcroft [24] and Labelle et al. [25]
were thus conﬁrmed concerning the cases of cubitus varus.
In addition, the latter could correspond to good results
according to most functional scores. Williamson and Cole
[27] obtained 95% excellent results with the Blount method
associated with strapping despite 22.7% cubitus varus.
In our study, we found a single case of myositis ossiﬁcans
of the anterior brachial muscle, which resulted in ﬂexion
limited to 110◦. The patient was seen 10 days after his
injury, after having consulted a traditional practitioner. Like
Clavert et al., we found no vascular or nerve complications
[8].
Floating elbow most often follows a high-energy injury
[28,29]. The supracondylar fracture is nearly always of the
extension type and fracture of the two bones of the forearm
is often in the distal quarter, sometimes resulting in type 2
epiphyseal detachment in the Salter and Harris classiﬁcation
[25]. Williamson and Cole [29] and Templeton and Graham
[30] recommend systematic pin ﬁxation because of the risk
of compartment syndrome. Daunois et al. [31] only use pin
ﬁxation in cases of instability, and, contrary to our practices,
begin with the proximal area.
In our study, both areas were treated orthopaedically.
They progressed satisfactorily with a 75◦ Baumann angle and
complete mobility of the elbow in ﬂexion, extension, and in
pronation and supination.
The use of physical therapy is highly controversial in the
literature [2]. For Sibly et al. [32], half of the patients
treated by open reduction through the posterior approach
require physical therapy. We did not make use of physical
therapy in our study. Children’s propensity for play made it
unnecessary. At follow-up, all patients had normal sectors
of elbow mobility.
Conclusion
Highly displaced extension-type SCFs raises a therapeutic
problem, with substantial swelling of the elbow that may be
a source of vascular compression. Orthopaedic treatment
with the Blount method, preceded if necessary by a short
period of suspension provided very satisfactory results in our
study. This effective method can be accessible to many insti-
tutions with an image ampliﬁer available because it does
not require any particular equipment. The lower cost and
the absence of vascular and nerve complications as well as
a shorter hospital stay make it a valuable alternative to pin
ﬁxation.
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